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METHOD OF QUANTIFYING HEMOGLOBIN AND 
METHOD OF MEASURING GLYCATJON RATIO 
OF HEMOGLOBIN 

TECHNICAL FIELD 

[0001 ] The present invention relates to a method of deter- 
mining an amount of hemoglobin (Hb) m a sample. 

BACKGROUND ART 

[0002] Hb in the blood plays an important role in trans- 
porting OXjrgen from the lungs to organ* and thus relates to 
diseases such as leukemia, anemia, and the like, for 
example. Therefore, determining an amount of Hb has been 
Considered very important in the flold of b clinical analysis. 
On Ibc other hand, glycated Hb servos as an important index 
for the diagnosis treatment, etc. of diabetes because it 
reflects prevfous blood ghicosc levels in vivo. Therefore, 
determining a ratio of glycated Hb also bis been considered 
important For determining the ratio of glycated Mb, it U 
necessary to determine the amount of Hb. 

[0003} Examples of a method of determining Hb include 
measuring an absorbance of Hb. However, the Hb that is not 
yet denatured (hereinafter, referred to as "undenaturcd Hb*) 
exhibits an absorption maximum at different wavelengths 
depending on its state, e.g., the state where it is bound to 
Oxygen, the state where it is not bound to oxygen, etc. 
Therefore, it is difficult to determine an amount of Hb 
accurately by merely measuring the absorbance of the Kb, 
On this account, conventionally, a method has been 
employed in which the absorbaece of Hb is measured after 
the Hb has been denatured so as to be stabilized. Examples 
of such a method include a cyanmethomoglobin method 
(HiCN method), aride metohemnglobin method, sodium 
lauryl sulfate method (SIS method), alkaline hematin 
method, and the like. Among these, the HiCN method, 
which is an international standard method, is employed 
particularly widely, tn this HiCN method, a reagent con- 
taining potassium fcrricyanidc and potassium cyanide js 
added to blood so that Hb is converted into stable cyan- 
mcthcmoglobin, and the absorbance is measured at a pre- 
determined wavelength (540 um) to determine the amount of 
the Hb. 

DISCLOSURE OF INVENTION 

[0004] However, the HiCN method and the azidc rocto- 
hemoglobin method are not preferable from the viewpoint of 
environmental friendliness because the HiCN method pro- 
duces a toxic liquid Waste containing a cyanogen compound 
and the azidc mciohemoglohin method procruces a liquid 
waste containing sodium azide. Further, the SLS method and 
the alkaline hematin method have the following problem. In 
these methods, a reagent such as SLS and a strong alkali is 
added to a sample as a proleJn-^cjiatUfing agent. Thus, when 
the sample containing such a reagent is Used airocUy for the 
determination of a substance other than Hb, the reagent 
affects the system of determination utilizing an enzyme and 
tbc like, for example, which makes the determination diffi- 
cult. Therefore, with reaped to the sample that has been 
subjected to the treatment for denaturing Hb, it is difficult to 
carry out the determination of the denatured Hb and tbc 
determination of the substance other than the denatured Hb 
in a scries of operations. 



[0005] Therefore, it b an object of the present invention to 
provide a method of determining Hb, by which an amount 
of Hb can he determined easily and accurately without fear 
of damage to The environment. 

[000rf] In order to achieve the above object, a method of 
determining Hb according to the present invention includes: 
denaturing Hb in a sample with a ictrarolium compound to 
give denatured Hb; measuring aq amount of an optical 
cba nge in the sample at an absorption wavelength specific to 
the denatured Hb; and calculating an amount of the Hb in the 
sample from the amount of the optical change. The term 
"denatured Hb'asusod in the present invention refers ta Hb 
that has been denatured with a tctrazolium compound, 

[0007] While the undenatured Hb exhibits various absorp. 
lion wavelengths depending on its state, the denatured Hb 
obtained by the treatment with the tctrazolium compound is 
stable and exhibits the absorption maximum at a wavelength 
falling within a certain range. Therefore, according to the 
method of determining Hb of the present invention, an 
amount of Hb can be determined easily. In addition, lb* 
method of the present invention docs not use a cyanogen 
compound, a strong alkali, or the like as used in the 
above-mentioned conventional methods. Therefore, the 
method of the present invention is a useful method without 
fear of damage to the environment. 

[0008] In the method of determining Hb according to the 
present invention, the amount of the optical change may be 
an absorbance, reflectance, or the like, for example. 
[O0OP] The tctrazolium compound is not specifically lim- 
ited. For example, tctrazolium compounds described later 
can be used. Among these, 2-(4-wdophenyl>^-(2,4-diniiro- 
phcnyt)-5-(2,4-disiilfQpheny|).2H-tctra7X)lium sail (e.g., 
available from Dojindo Laboratories under the trade name 
WST-3) js most preferable. 

[0010] In the method of determining Hb according to the 
present invention, the wavelength for measuring the dena- 
tured Hb preferably is in the range from 440 to 700 nra, more 
preferably &om 500 to 670 nm, and most preferably 540 to 
670 nm. 

[0011] In the method of determining Hb according to the 
present invention, too amount of (he tetraxolium compound 
added to the sample is oot specifically Umited and can be 
decided as appropriate depending on the type of the sample 
and the like. More Specifically, it is preferable that the 
tctrazolium compound is added to the sample so thai a 
content of the tctrazolium compound per microliter of the 
sample is in the range from 0.001 to 100 /*mol, more 
preferably from 0.01 to 10/imol, and most preferably from 
0,05 to 5 jicnol, for example. 

[0012] The sample is not specifically limited. However, as 
described later, a sample containing red blood cells, e.g., 
wholo blood, preferably is used. In the case where the 
sample is whole blood, the totrazolium compound preferably 
is added to the sample so that a content of the tctrazolium 
compound per microliter of the samplo is in the range from 
0.01 to 30 pnol, more preferably from O.05 to 10 rool, and 
most preferably from 0.1 lo 5/«nol. for example. In general, 
it is estimated that whole blood contains about 50 vol % of 
blood cells. 

[0013] In the method of determining Hb according to the 
present invention, it is preferable that (be Hb in the sample 
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is treated with the ictrazolium compound in the presence of 
a surfeaam. When the surfactant is present in addition to iho 
IciraTOlium compound, dcnBturatioo of the Hb can bo accel- 
erated still further SO thai the Hb cao b* determined quickly, 

[001 4] In the method Of determining Hb according ta the 
present invention, the amount of the surfactant, added to the 
sample is not specifically limited, and can be decided as 
appropriate, for example, depending oo the amount of the 
tetrazolium compound added to the sample and the like. 
More specifically, the Surfactant is added to the sample so 
that a content of the surfactant per mole of the tctrazolium 
compound is in the range from 0,01 to 70 mol, preferably 
from 0.05 lo 50 mol, and more preferably from O.l to 20 
mol. 

[0015] In the mothod of determining Hb according to the 
present invention, the sample is not specifically limited and 
can be. for example, blood samples such as whole blood, 
plasma, actum, blood cells, and the like, ll is preferable lo 
use a sample containing red blond cells, for example, a 
whole blood sample, a bload cell sample, etc, 

[0016] Next, a method of determining a ratio of glycated 
Hb according to the present invention includes; determining 
an amount of Hb in a sample containing glycated Hb by the 
method of determining Hb according to the present inven- 
tion; causing a redox reaction between a glycation site of the 
denatured Hb obtained and a fructosyl amino acid oxidate 
(hereinafter, referred to as "FAOD"); determining the redox 
reaction to determine an Amount of the glycated Hb; and 
calcula ling a ratio of the glycated Hb from the amount of Ibc 
Hb and the amount of the glycated Jib. Tl is to be noted hero 
that the amount or Hb refers to the amount of both the 
glycated Hb and the Hb that is not glycated. 

[0017] Similarly to the method of determining Hb 
described above, the method of determining a ratio of 
glycated Hb according to the present invention also pro- 
duces no toxic liquid wastes. Tbereibre, tfae method of 
determining a ratio of glycated Hb according to the present 
invention also is a useful rncthod Without rear or damage to 
the environment. Id addition, unlike the strongly alkaline 
reagent and the like as described above, the tctra^olxvm 
compound does not have any effect, such as deactivation of 
an enzyme, on the determination of the amount of glycated 
Hb by the enzymic method utilizing the redox reaction. 
Accordingly, the determination of the Hb as described above 
and ^determination of the amount of the glycated Hb can 
be carried out simply in a Series of Operations using the 
sample treated with the tctrazolium compound. Therefore, 
the determination of the ratio of glycated Hb according to 
the present invention can be carried out, for example, 
utilising only one reaction system using a single measuring 
apparatus. Moreover, the tctrazolium Compound added to 
the sample not only can denature the Hb but also can 
eliminate the effect of a reducing substance present in the 
sample on the redux reaction. Therefore, the ratio of gly- 
cated Hb can be determined with higher accuracy. 
[0018] [q the method of determining a ratio of glycated Hb 
according to the present invention, the wavelength for 
measuring the denatured Hb preferably is in the range feom 
440 to 700 nrt% more preferably from 500 to 670 om, and 
most preferably 540 to 070 Om as described above. 
[0019] In the method of determining a ratio of glycated Hb 
according to the present invention, it is preferable that 



determining the redox reaction is measuring an amount Of an 
optical change in a colnr-dcvcloping substance produced by 
the redox reaction. As described above, me amount of the 
optical change may be an absorbancc, reflectance, or the 
[ike, for example. 

[0020] In the enzymic method as described above, in 
general, dual-wavoleagth measurement dommamly is used 
for measuring the amount of the optical change. The dual- 
wavelength mcasuremenl is carried out, for example, in the 
following manner. First, an absorbancc of a substance to bo 
measured (e.g., a color-developing substance) fc measured at 
a main wavelength al which the substance exhibits an 
absorption maximum. Then, at a sub-wavelength that is 
different from the main wavelength, electrical noises, 
cloudiness of the sample, changes in the amount of light, etc. 
are measured to correct the measured value obtained at the 
main wavelengjh. Therefore, it is preferable that the sub- 
wavclcngm is a wavelength at which a substance other than 
the substance to be measured (the color-developing sub- 
stance) present in the sample exhibits no absorption. The 
main wavelength is decided as appropriate depending on the 
absorption wavelength of the substance to be measured. In 
general, the main wavelength is to the range from about 650 
to 800 nm. In this case, the sub-wavelength is set to be 
higher than the main wavelength, e.g., in the range from 
about 800 to 000 nm. However, as described above, the 
undeaahuxd Hb is unstable aod exhibits absorption at vari- 
ous wavelengths depending on its State, o.g„ the Slate where 
it is bound to oxygen, the Slate where it is not bound 10 
oxygen, etc. Thus, in the case where the amount of the 
glycated Hb is determined, for example, by measuring the 
absorbancc of the eoux-developnig substrate and the like, 
the Hb exhibits absorption also at the sub-wavelength, 
which makes it difficult io determine the amount of the 
glycated Hb accurately. In contrast, the Wavelength for 
measuring the denatured Hb obtained by the treatment with 
the tctrazolium compound is as described above. Therefore, 
even when the sub-wavelength in the determination of the 
amount of glycatod Hb is set in the range from 800 nm to 
900 nm, for example, the effect of the absorption by the 
unstable undenatured Hb, which exhibits absorption at vari- 
ous wavelengths depending on its state, is not observed. As 
a result, the amount of the glycated Hb can be determined 
with higher accuracy. 

[0021] A wavelength for measuring the color-developing 
substance is in the range from 500 to 800 nm, preferably 
Irom 540 to 750 nm, for example. 

[0022] Further, as described later, a wavelength for mea- 
suring the color-developing substance may be the same as 
that for measuring the amount of the Hb. In this case, the 
wavolcnglh preferably is in the range from 500 to 670 nm, 
more preferably from 540 lo 670 nm. 

[0023] In the method of determining a ratio of glycated Hb 
according lo the present invention, it is preferable that the 
denatured Hb is ireatcd with a protease before causing ihe 
redox reaction between the glycation site of (he denatured 
Hb and th« FAOD. The FAOD acts on a glycated amino add 
and a glycated peptide fragment shorter than a glycated 
protein and a glycated peptide more easily than on the 
glycated protein and the glycated peptide. On this account, 
tho dcnanired Hb is degraded with a protease in advance so 
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that tbe FAOD cao act on the glycation site of (ho denatured 
Hb more easily, thereby Allowing the accuracy of determi- 
nation to he improved. 

[0024] As described above, by using the method of deter- 
mining Hp according to the present invention, it becomes 
possible to use the sample thai has been subjected to the 
treatment for denaturing Hb directly for the determination of 
the amount of the glycated Kb. Therefore, the determination 
of the amount of the Hb and the determination of ihc amount 
or the glycated Hb can be earned out, Tor example, in the 
following order*. 

[0025] For example, i first method of determining a ratio 
of glycated Hb is a method in which the redox reaction is 
caused between the glycalton site of the denatured lib and 
the FAOD after the amount of the oplical change in the 
sample is measured at tbe absorption wavelength specific to 
the denatured Hb. 

[002«] in the case where a protease treatment is carried out 
in this first method, tbe method may be carried out in such 
a manner that the amount of the opticat change in the sample 
» measured at the absorption wavelength specific to the 
denatured Hb, the denatured Hb is tben treated with a 
protease, and thereafter, a redox reaction is caused between 
a glycation site of a degradation product of the denatured Hb 
and FAOD. Alternatively, the method may be carried out in 
such a manner that ihc denatured Hh js treated wiih t 
protease, the amount of the optical change in the sample is 
then measured at the absorption wavelength specific to tbe 
denatured Hb, and thereafter, a redox reaction is Caused 
between a glycarlon site of a degradation product of the 
denatured Hb and FAOD. 

[0027] On the other band, for example, a second method 
□f determining a ratio of glycated Hb is a method in which, 
after Ihc redox reaction is caused between the glycation site 
or the denatured Hb and the FAOD, the amount of the optical 
change in the sample is measured at the absorption w«vo- 
length specific to the denatured Hb and the redox rcacrion Is 
determined. In the case where the second method is 
employed, by measuring the denatured Hb and the color- 
developing substance at the wavelengths different from each 
other, it becomes possible to dctcrrnine Ihc amount of tho 
optical change in both the denatured Hb and the color- 
developing substance at the same lime, 

[0028] In the case where a protease treatment is carried out 
in this second method, tbe denatured Hb may be treated with 
a protease before the redox reaction is caused between Ihc 
glycaiion site of the denatured Hb and the FAOD, for 
example. 

[0029] In the method Of determining a ratio of glycated Hb 
according to tho present invention, it is preferable that the 
amount of the optical change in tho color-developing sub- 
stance corresponds to an amount of hydrogen peroxide 
generated by the redox reaction between the glycation site of 
the denatured Hb and the FAOD. Further, it is preferable that 
the color-developing substance is a substrate that develops 
color by oxidation (hereinafter, referred to as a color devel- 
oping substrate) and has developed ootor as a result of a 
reaction caused by an oxidase between I be hydrogen per- 
oxide and the substrate. 

[0030] The oxidase is ool specifically limited. However, 
POD preferably is used as the oxidase. Also, the color- 



developing substrate is oot specifically limited. However, 
N<car1»xym cibylaminocarb^ 

drphcnylamine wdfum (e.g., available from Wako Pure 
Chemical industries* Ltd, under the trade name DA-64), for 
example, preferably is used as toe color-devclopiflg sub- 
strate because it can be detected wilb bigb sensitivity. 

[0031] The sample used in the method of determining a 
ra ho of glycated Hb according to the present invention is not 
specifically limited. Examples of tbe sample include those 

described above. 

BRJEF DESCRIPTION OF DRAWINGS 

[0032] FIG. t is a graph showing the correlation between 
a Hb concentration determined by the method Of determin- 
ing Hb according to One example of the present invention 
and a Hb concentration dcicrraioed by a control method, 

BEST MODE FOR CARRYING OUT TOE 
INVENTION 

[0033] The tetrnzolium compound to be used in a method 
of determining Hb according to the present invention pref- 
erably contains ring substituenta at least at two positions on 
its tetrazole ring, more preferably at three positions on its 
tctrazole ring, for example 

[0034] In tho case where the tetraTolium cc*upound con- 
tains ring substituents at least at two positions on its tctrazole 
ring as described above, it is preferable that the ring sub. 
Stituents are at the 2-posilion and 3-position on the tetrazole 
ring. Further, in the case where the tctrazolium compound 
contains ring substituents at three positions on its tctrazole 
ring, it is preferable that the ring substituents are at the 
^-position, ^-position, and 5-posilion on the tctrazole ring. 

[0035] Further, it is preferable that at least two ring 
substiiucnis of the tctrazolium compound have a benrjenc 
ring structure. Other than the benzene ring structure, the ring 
substituents may have a resonance structure wjih S or O 
being contained in the ring skeleton, for example, fixamples 
of the ring substituents with such a resonance structure 
include a toionyl group, thlaxoyl group, and the like. 

[003<q Furthermore, it is preferable Ibat the letrazolium 
compound contains ring substituents al least at three posi- 
tions on its tetraaolo ring and at least two of the ring 
substituents have a benzene ring structure. 

[0037] Still further, it is preferable that at least one ring 
iUibslnucut contains a functional group, and a larger number 
of functional groups are more preferable. 

[0038] As the functional group, an electron^ hdrawing 
functional group preferably is used. For example, a hatogen 
group, ether group, ester group, earboxy group, acyl group, 
niiroso group, nitre group, hydroxy group, sulrb group, and 
the like can be used. Other than these, characteristic groups 
containing oxygen such as a hydroperoxy group, oxy group, 
epoxy group, cpidioxy group, oxo group, and the like; and 
characteristic groups containing sulfur such as a mercapto 
group, aMeyltbio group, melhyltfaiomctby] group, thioxo 
group, sulfiao group, benzene sulfooyl group, phenylsulfo- 
nyt group, p-toruencsulfonyl group, p-tolylsulfonyl group, 
losyl group, sutfamoyl group, isotbiocyanalc group, and the 
Klce also can be used, for example. Among these electron- 
wiihdrawing functional groups, a nitro group, sulfo group. 
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halogen group, carboxy group, hydroxy group, mctnoxy 
group, ctboxy group are preferable Further, in additioo to 
the above-mentioned electron- withdrawing functional 
groups, unsaturated hydrocarbon groups such as a phenyl 
group (C fl H 5 — ), styryl group (C rt H s CK=CH— ), and the 
like also can be used, for example. It is to be noted thai the 
functional groups may have been ionized by dissoctotioo. 
[0039] Still farther, it is preferable that the iclrazohum 
con pound contains benzene rings at the 2-position and 
3 -position on iu? tctrazole ring and at least one of the 
benzene rings Contains at least one fractional group selected 
from the group consisting of a halogen group, carboxy 
group, nilro group, hydroxy group, sulfo group, mcthoxy 
group, and ctboxy group, h js to be noted here that bath the 
benzene rings may contain tbe functional group. Further, the 
functional group may be Cc-Dtiincd at any positions (Oitho-, 
meia-, para-) on the benzene ring. Furthermore, the number 
of the fractional group is not specifically limited, and in the 
case where tbe at least one of the benzene ringj contains a 
plurality of functional groups, the functional groups con- 
tained in the benzene ring may be the same or different. 

[0040] Examples of tbe lctrazolfom compound containing 
ring subslttuents having a benzene ring structure at the 
2-pOsition, 3-positiOn, and 5-pOsilion on its tetrazolc ring 
include: 

[0041] 2-(4-iodopbcayl>-^(4-DilropbcDyl)-5-(^4-dis- 
ul£bpbcnyl)-2H-letrflzolium salt; 

f0042] 2^4-iodophcnyl)-3-(2,4^njtrophcnyi)-5<2 v 4. 
disulfophcqyl)-2H-lctrazi?lium Salt; 

[0043] 2-(l-mcthoxy-4-n3iropheoyl>3-(4-nitrophedy])- 
5-(2,4-disullbphenyl>2H-teu^zntrum Salt; 

[0044] 2-(4-ioo^pnenyl>.3.(4-nitrophcnyt)'-5-phenyl- 
2H-tctrazoliura salt; 

[0O4S] 3,3 , ^U , -biphcnyl-4,4 , K3iy(>bis(2 ! 3'diphcnyj> 
2H-tetrazoliuui salt; 

[004*] 3 > 3 , -p,3 , -dimclhoxy-(l ,1' -bipheny J>4,4 , -dlyl> 
bJst2-(4-niuophenyl>5-phenyl-2H-u;u:az»liutti salt]; 

[0047] WJphcny1-H4<h]oraphcuyl) tctrazoliuni 
»alt; 

[0048] 2.5-drpheny!-3«<p-diphenyl) ictrazolium saJU 

[0049] 2^-di P hcnyl-5-(p-diphenyl) tclrnzolium sail; 

[OO50] 2,5-dipheoyl-3-(4-fltyrylpbenyl> tctraialium 
salt; 

[0051] 2^«dipbenyl-3-(m-toIyl) telrazolium sail; aod 

[0052] 2,5-dlpbenyW-(p.tnlyJ) telrozolhim salt. 

[0033] The tctrazoliurn compound is not limited to those 
described above. In addition id the above-mentioned tcira- 
zoJhim compounds, a tetratooliurn compound containing ring 
substitucnts having a benzene ring structure at two positiuos 
and one ring substitucnt having a structure other than the 
benzene ring structure at one position on its tctrazole rin& 
also may bo used. Examples of such a tetrazolium compound 
include: 
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[0054] 24-diphenyl-5-(2-!hienyl) tetrazolium salt; 

[0055] 2-b«nzothiazoyl^-(4-carboxy-2.meaioxypbc- 
nyl>5-[4-f>SUlibcthy| carbamoyl) phcnyl>2H-tctra- 
zoliumsalt; 

[0056] Z^-cKbenzothwzoyl-S^'-bis [4^i(2^uJfbctbyl- 
^arbamoylphcny^O^^^'-dirnctbox^^-biphc- 
nylcnc) ditctrazntium sail; and 

[0057] 3-(43^uiictbyl-2^thiazoyl)-2^-dfphenyl.2H- 
fctrazoliutn sail. 

[0058] Further, a lctrazoh'um compound containing ring 
sebslituenls having a benzene ring structure at two positions 
and one subslitueol not having a ring structure at one 
position on its tetrazolc ring also can be used. Examples of 
such a tetrafcolium compound include: 

[0059] 2 t 3-diphcnyl-5-cyann tetrazolium salt; 

[0060] 2^-diphcnyl-5-earooxy tetrazolium salt; 

[0061] 2,3-dipncnyl^5-methyltctrazolfum salt; and 

[00*2] 2>3-diphenyl-5-clhyl tetrazolium salt 
[0063] Among the above-mentioned tetrazolium com- 
pounds, the tclrazoJium compounds containing three ring 
substitucnts are preferable as described above. Among these, 
tbe lclraznlium compnunds containing three ring substitu- 
enis having a benzene ring structure and a large number of 
electron-withdrawing junctional groups is more preferable, 
and 2<4«iocV)phcnyI)-3<2,4-d{nitropheriyt)^2,4«disul- 
fopbenyl)-2H-tetrazoliuni salt is most preferable. It is to be 
noted here that the above-mcntionod tetrazolium compounds 
may be a salt or may Hbvo been ionized, for example. 
Further, the tetrazolium compounds may be usod alone or in 
combinations of two or more types, 

[0064] Tbe surfactant to be used in the method of deter- 
mining Hb according to the present invention is not specifi- 
cally limiled. However, polyoxycthylene ethers and the like 
preferably are used, for example. Polyojyethyknc ethers, 
which are represented by [C,_H M — O— (a^CH^rl], are 
compounds in which a polyoxycthyJcno cbafrt and a hydro- 
carbon chain are linked with each other by ether linkage. 
Examples of the hydrocarbon chain include an alkyl group, 
an alkyl phenyl group, and the like. Preferably, the poly- 
oxycthylene chain has a weight-average degree of polymer- 
ization (N) in the range from 8 to 23 and the hydrocarbon 
chain has a carbon number (L) in the range from 8 to 18. 
More preferably, the oolyoxycthyleno chain has a weight- 
average degree of polymerization (N) in the range from 8 to 
15 and the hydrocarbon chain has a carbon number (L) in the 
range from 8 to 16. Most preferably, the polyoxyetbylcne 
chain has a weight-average degree of polymerization (N) in 
the range from 8 to 10 and the hydrocarbon chain has a 
Carbon number (L) in tbe range from 8 to 14. For example, 
tbe hydrocarbon chain may be a straight chain or may have 
a branched chain. Specific examples of the polyoxycthylene 
ethers include rxilyoxycthylcf^pa-octylphcnyl ether, poly- 
ethylene glycol (10) lauryl ether, and polyethylene glycol (9) 
]auryl ether, The polyoxycthylene ethers may be used alone 
or in combinations of two or more types. 

[0065] More specifically, polyoxyclhytens-p-t-octylphc- 
nyt ether such sb commercially available Triton- type sur- 
factants and the like; polyoxycthylene sorbitan aCkyl ester 
such as commercially available Twc en-type surfactants and 
the like; and polyoxycthylene alkyl ether such as eommer- 
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daily available BrEj-type surfactants add the like can be 
used. Other than these, polyoxycthyienc (JO) lauryl ether; 
polyoxycibylcnc (9) lauryl other such a* Nikkol EX 
(trade name, available from Wako Pure Chemical Industries, 
Ud.t the weight-average decree of polymerization N of 
pnlyoxyelhylcnc is 9) and foe like; and polyoaycihytone 
oaylpbcnyl ctner such asTcrgitol NPX (trade name, avail- 
able from Nacalai Tfcsque, Inc.: the weight-average degree of 
polymerization N of polyoxycthylene is boom 10.5), Tergi- 
tol NP-40 (trade name, available from Nacalai Usque. Inc- 
Ihe weight-average degree of polymerization N of polyoxy- 
eihyjcno is 20), and the like also can be used. 

[00ti6] "Die VAOD la be used in a method of determining 
a ratio of glycated Hb according to the present invention 
preferably is the one eaialyiting a reaction represented by 
Formula (1) below. ' 



t«W7] la formula (l) f R 3 denotes a hydroxyl group or a 
residue derived from a sugar that is not yet subjected to the 
glycation reaction {i.e., sugar moiety). The sugar moiety 
is an aldose residue when the un reacted sugar is aldose, 
and is a keiose residue when the Uflfvacled sugar is kotosc. 
When the unrcactcd sugar is glucose, for example, the suga r 
in the glycated product lakes on the fructose structure after 
the glycation reaction due to Amadori rearrangement. In this 
case, the sugar moiety (R 3 ) k a glucose residue (aldose 
residue). This sugar moiety (R J ) can be represented, for 
example, by 

[00<{$] where n denotes an integer of 0 to <3. 

t0069] In Formula (1), R a is not specifieally limited. How- 
ever, in the case where the substrate is a glycated amino acid, 
a glycated peptide, or a glycated protein, R 2 varies depend- 
ing on which of an a-amino group and an amino group other 
than the a-arnino group is glycated. 

[0070] In FoTmu la (1), m the case where an a-ammo group 
is glycated, R 2 is an amino add residue or a peptide residue 
represented by Formula (2) below, 
— ore 3 — oo — 

[0071] In Formula (2), R 3 denotes ad araino-acid side 
chain group. R" denotes a hydroxyl group, an amino acid 
residue, or a peptide residue, and can be represented, for 
example, by Formula (3) below. In Formula (3), n denotes 
an integer of 0 or more and R J denotes an arrjino-aeid side 
chain group as described above, 

— (NH— CHR*-CO)„-OH (3) 

[W72] In Formula (1), in the case where an amino group 
other than the a-arnino group is glycated (Lo. t an amino-add 
side chain group is glycated), R* is represented by Formula 
(4) below. 

-"-R*— CK(NH— R^) — CO— H T 

[0073] In Formula (4), R* denotes a portion other than the 
glycated amino group in the amino-add side chain group. 



For example, in the case where the glycated amino add is 
lysine, R a is as follows. 

[0074] On the other hand, in (DO case where the glycated 
amino acid is nrginioc, for example, R 3 is as follows. 

— Ctt 2 — C[fj— -CHj— NH — CH(NW t )— 
[0075] In Formula (4), R 6 denotes hydrogen, an amino 
acid residue, or a peptide residue, and can be represented, for 
example, by Formula (5) below. In Formula (5), n denotes 
an Jnicgcr of 0 or more and R 3 denotes an amino-add side 
chain group as described above. 

-{CO-CHR'-NH^-ir {S) 

[0076] In Formula (4), R 7 denotes a hydroxyl group, an 
amino arid residue, or a peptide residue, and can be repre- 
sented, for example, by Formula (6) below. In flormula (6), 
n denotes an integer of 0 or more and R 3 denotes an 
amino-add side chain group as described above. 

[0077] The protease to he used in the method of deter- 
mining a ratio of glycated Hb according to the present 
invention is not specifically limited. Examples of the pro- 
tease include serine proteases, thiol proteases, metalloprp- 
teinases, and the like. More specifically, it is preferable to 
use a trypsin, proteinase K, chymotrypsim papain, brome- 
lain, subtilisin, elastase, aminopeptidase, and the like. It is 
more preferable to use a protease that degrades the glycated 
Hb selectively, eg., a bromelain, papain, trypsin derived 
from porcine pancreas, metalbprpteinase, and protease 
derived from Bacillus svW/tfs. Examples of the protease 
derived from Bacillus subtiUx include Protease N (trade 
name, available from Fluka Chemie AG, for example). 
Protease N "AMANO" (trade name, available from Amnno 
Enzyme Inc.), and the like, Examples of the mctalloprotein. 
asc include the moialloprotcinaso (EC 3, 4, 24. 4) derived 
from the genus Bacillus (e.g., available from Tbyobo Co., 
Ltd. undor Ibe trade name Toyoteam) and the like. Among 
these, a melalbprotoinase, bromelain, and papain are more 
preferable, and a motalioprotcmaso is most preferable. By 
using the protease that degrades the glycated Hb selectively, 
a degradation product of glycated Hb can be prepared 
selectively, thereby allowing the accuracy of determination 
to be further improved. 

[0070] Hereinafter, a method of determining Hb according 
to the present invention will be described by taking as an 
example (be case where whole blood is Used as a sample. 
[0079] First, a hcmolysaic sample fa prepared by causing 
hemolysis of whole blood or of a blood cell fraction sepa^ 
rated from the whole blood according to a usual method such 
as ccntrifugarion and the like. The method of causing 
hemolysis is not specifically limited, and can be, for 
example, a method using a surfactant, a method using 
ultrasonic waves, and a method utilising the difference in 
osmotic pressure. Among these, the method using a surfac- 
tant is preferable. 

[00*0] The surfactant to be used for causing hemolysis in 
not specifically limited. For examplo, as tbe suifectant, 
nanionic surfactants such as polyoxyethylcnc-p-t-octylphc- 
nyl ether (TfJttm*type surfactant etc.), polyoxyelhylcne sor- 
bitan alky! ester (Twccn-rypc surfactant etc.), polyoxyeth- 
yfcnc alxyl ether (Brij-type Surfactant etc.), and the like can 
be used. More specifically, TWion X-100 (trade name), 
Twecn-20 (trade name), Brij IS (trade name), and the like 
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can be u*cd, for example, Generally, the treatment with tbe 
surfactant can be carried oul Udder the following conditions: 
in the case where the solution In be treated contain* 1 lo 10 
vol % of Wood cells, the surfactant is added to the solution 
so as to Rive a concentration of O.l to 1 wt % and the 
resultant mixture » Stirred at room temperature for about 5 
seconds to 1 minute. 

[0081] Further, when utiles the difference in osmotic 
pressure, la the whole blood was added 2 to 100 times its 
volume of purified water lo cause hemolysis, for example, 

[0092] Next, the tetrazolium compound is added to the 
hemolysate sample to denature tbe Kb. 

[0083} The tetrazolium. compounds as described above 
can be used as the tetrnzolium compound, Tbe tctrazob'um 
compound is added to the sample at the following ratio, for 
example: in the case where the hemolysate sample contains 
0.2 to 2 vol % of blood cells, the tctranolrum compound 
preferably is added to the sample SO as id give a concen- 
tration in the range from 0.005 to 400 mmol/l„ more 
preferably from 0.02 to 100 mmoJ/L, and most preferably 
from 0,1 to 50 mraol/L. More specifically, in the case where 
the ictraTulium compound is ^-iodopbcnylJ-S^^-dini- 
h^pbcnyl)-5^2,4-disrjlfopbcnyO-2H-tetrato|ium salt, the 
telraiDliujn compound preferably Is added to the sample so 
as to give a concentration in the range from 0.004 to 16 
mmol/L, more preferably from 0.O2 to 10 mmol/L, and most 
preferably from 0.1 to 5 mmol/L. 

[0084] The tetrazolium compound may be used bb it fe. 
However, on account of the ease of operation, treatment 
efficiency, and the like, it is preferable to use a tetrazolium 
compound solution obtained by dissolving the tetrazolium 
compound in a solvent. The concentration of the letrafcoliurn 
compound in Ihe solution can be decided as appropriate 
depending on the type of ihe tetrazolium compound (e.g., the 
molecular weight thereof and the like. For example, the 
concentration of the tetrazolium compound in the solution is 
in the range from O.01 to 120 mmol/L, preferably from 0.1 
io 50 ramol/L, and more preferably from 0,2 to 20 mmol/L. 
M tbe solvent, distilled water, a physiological salt solution, 
buffers, and the IQto can bo used, for example. Examples of 
tbe buffer includes an Mlis buffibr, MOPS buffer, phosphate 
buffer, ADA buffer, PIPES buficr, ACES buffer, CHES 
buffer, HEPES buffer, and the like. Ihe pH of the buffer 
preferably is in the range From SS to 10.0. 

[0085] The conditions of the treatment with Ihe tctraso- 
Hum compound are not specifically Kmitcd. For example, 
the treatment with the tetrazolium compound is carried out 
under the following condition* the temperature in the range 
from 4° C. to 50° C. and the treatment lime m the range from 
20 seconds to 60 minutes* preferably, ihe temperature in the 
range from 15° C to 40* C, and the treatment time in the 
range from 20 seconds to 20 minutes; and more preferably, 
Ihe temperature in the range from 25* C, to 37° C. and the 
treatment time in the range from 30 seconds to 0 minutes. 

[00fi6] Further, by canylng out the treatment with the 
tetrazolium compound in the presence of the surfactant as 
described above, the dcnaLuraliop of the Hb can ho Accel- 
erated further. Thus, on account of the ease of operation and 
the like, the tetrazolium compound may be added to the 
sample previously during the treatment far causing hemoly- 



[0087] The amount of the surfactant added to the sample 
Is not specifically limited. For example, the surfactant may 
be added to the sample at the following ratio: in the case 
where the hemolysate sample contains 0.2 lo 1 vol % of 
blood cells, the surfactant preferably is added to the solution 
so as to give a concentration in the range from 0,05 to 50 
mmol/L, more preferably from 0.2 to 30 mraal/L, pnd most 
preferably from 0,3 to 10 mraol/L. More specifically, in The 
case where the surfactant is Triton X-100 (trade name), the 
surfactant preferably is added to the solution so as to give a 
concentration in (he range from 0.2 to 100 mraol/L, more 
preferably from 1 to 30 mmol/L, and most preferably from 
2 to 20 mmol/T* On the other hand, in the case where the 
surfactant i* Brij 35 (trade name), the surfactant preferably 
is added to the solution so as Id give a concentration in the 
range from 0.1 to 50 mraol/L, more preferably from 0.5 to 
20 mmol/L, and most preferably from 1 to 10 mmol/L 

[008$] The surfactant may be added to the sample so that 
a content of the surfactant per mole of the tetrazolium 
compound in in the range from 0.01 to 70 mol, more 
preferably from 0.05 to 50 mol, and most preferably from 
0.1 to 20 mol, for example. 

(0089] More specifically, in the case where the surfactant 
is Triton X-100 (trade name), the surfactant is added to the 
sample so thai a content of the surfactant per millimolc of 
tbe tetrazolium. compound is in the range from 0.05 to 15 
mmol, more preferably from 0,1 to 10 mmol, and most 
preferably from 0.2 to 5 mmol. On the other hand, in the case 
where the surfactant is Brij 35 (trade name), the surfactant 
is added to tbe sample so thai a content Of the surfactant per 
millimolc of the tetrazolium compound is in the range from 
0,05 to 10 mmol more preferably from 0-1 to 8 mmol, and 
most preferably from 0.2 to 4 mnjoL The surfactant may be 
added to the sample previously during the treatment for 
causing hemolysis so as lo gfvc a sufficient surfactant 
concentration for accelerating the denat oration of the Hb. 

[0090] Next, an absorbance of the denatured Hb is mea- 
sured. The absorbanoe of tbe denatured Hb preferably is 
measured at a Wavelength in Ihe range from 440 to 700 nm, 
more preferably from 500 to 670 nm, and most preferably 
from 540 lo 670 nm, Further, in the case where the dual- 
wave length measurement is carried out using the wave- 
length in the above-mentioned range as the main wave- 
length, the sub-wavelength preferably is in the range from 
730 to 900 nm, more preferably from 800 lo 900 nm, and 
most preferably from 800 to 850 nm. 

[0091] Thereafter, the amount of the Hb is determined 
using the absorbanoe ihus measured and a calibration curve 
prepared hi advance. As described above, by denaturing tho 
Hb in the sample with the tetrazolium compound, the 
amount Of the Hb can be determined easily and accurately as 
the amount of the denatured Hb. 

[00*2] The preparation of a calibration curve can be 
carried out as follows, for example: first, samples containing 
Hb at various concentrations are provided; Hb concentra- 
tions of these samples are determined by the method of 
determining Hb according to the present invention and b 
koow method of determining Bb; and then a calibration 
curve is prepared based on the values obtained. The known 
method is not specifically limited as long as it can determine 
Hb with high accuracy. However, the HiCn method as an 
international standard method is preferable, for example. It 
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» also possible to prepare a calibration curve as follows: 
first, a standard sample with a known Hb concent/ft tion is 
provided; a Hb concentration of thin standard temple is 
determined by the method of determining Hb according to 
the present invention; and then a calibration curve is pre- 
pared based nn the value obtained and the known Hb 
concentration. 

[0093] Next, with regard to a method of determining a 
ratio of glycated Hb according to the present invention, one 
example of the first method employing the whole blood aa 
a sample will bo described, 

[0O94] First, a hcmolysato sample is prepared and trcatod 
with a ictrazolium compound, and tbc absorbance of the 
denatured Hb is measured to determine an amount of the Hb, 
in the same manner as described above. 

[0095] Then, the hemoJysate sample that has been treated 
with the tctrazolium compound is treated with a protease to 
degrade the denatured Hb. TOs protease ireatmeot is carried 
out because the VAOD to be added in a subsequent treatment 
acts on a glycated amino acid and a glycated peptide 
fragment shorter than a glycated protein and a glycated 
peptide more easily than on the glycated protein and the 
glycated peptide. 

-[0096] In the case where the hemotysate sample is treated 
using a papain as tbc protease, the treatment generally is 
carried out Under the following conditions; the protease 
concentration in the reaction solution in the range from 100 
io 30,000 V/L; the blood cell concentration in the reaction 
solution in the range from 0.07 to 12 vol % or the Hb 
concentration in the reaction solution in the range from o,l 
to 10 g/U the reaction temperature in the range from 15° C. 
to o0° C; the reaction time in the range from 10 minute* to 
40 hours; and the pH in tbc range from 5 to 9. Further, the 
type of ihc buffer is not specifically limited, and can be, for 
example, THs-HCl buffer, BPPS buffer, PIPES buffer, phos- 
phate buffer ADA buffer, citrate buffer, acetate buffer, and 
the like. 

[0097] M the case where the hemotysate sample is treated 
using a mclaHoprotemasc as the protease, the treatment 
generally is carrkd out under the following conditions: the 
protease concentration in the reaction solution in the range 
from 10 to 10,000 KU/L; the blood cell concentration in the 
, reaction solution in the range from 0.07 to 12 vol % or the 
Hb concentration in the reaction solution in iho range from 
0.1 to 10g/L; the reaction temperature in the range from IS" 
C. to 60° C, the reaction time in the rang© from 10 minutes 
10 AO hows; and the pH in the range from 6 to 9. As the 
buffer, the Above-mentioned various bufors also can be 
used. Further, otber proteinases also can bo used. 

[0099] Next, the degradation product of the denatured Hb 
obtained through the above-mentioned protease treatment is 
treated with FAOD. This FAOD treatment catalyzes the 
reaction represented by Formula (1) above. 

[0099] Similarly to the above-mentioned protease treat- 
ment, this FAOD treatment preferably Is carried out in a 
buffer The concHlions of the FAOD treatment arc decided as 
appropriate depending on the type of the FAOD to be used, 
the concentration of the glycated Hb to be determined, and 
the tike. 

[0100] More specifically, the FAOD treatment is carried 
out, for example, under the following conditions; the FAOD 



concentration in the reaction solution in the range from SO 
to 50,000 U/L, the blood ceil concentration in the reaction 
solution in Ihc range from O.m to 1 vol %, the reaction 
temperature in the range from C. to 37° G, tho reaction 
time in tbc range from 1 to 00 minutes, and the pH in tho 
range from 6 to 9. The type of the buffer is not specifically 
limited, and the same buffers as used in The protease treat- 
ment also can be used in the FAOD treatment. 

[0101] Sutecqucmly, POD and the color-developing sub^ 
strale arc added to the hemotysate sample so thai a redox 
reaction is caused by the POD between the hydrogen per- 
oxide generated by the FAOD treatment and the color- 
developing substrate. 

[0102] As the color-developing substrate, N-(carboxym- 
cmylaminocarbonyl)-4,4'-biKdimcthylamino)dipheny- 
lamine sodium, orthopbenylenediamine (OFD), a substrate 
obtained by combining a TKadcr's reagent and 4-aminoan- 
tipyrinc, and the like can be used, for example. Examples of 
the , lrindor , s reagent include phenols, phenol derivatives, 
aniline derivatives, napbthols, naphthol derivatives, naph- 
tbylAminc, naphlhylamuic derivatives, and Ihc like. Further, 
in place of the above-mentioned 4-ammoanupyrine, it is 
possible to use ammoantipyrine derivatives, vanillin 
diamine sulfonic arid, methyl beozotbiazolinone hydrazone 
(MBTHX sulfonated methyl bensothiazolinone bydratonc 
(SMBTH), and the like. Among these color-developing 
substrates, N^cflrrjoxymelbytaminocarbonylH^-bis (dim- 
ethyl am ino)diphcnyJ amine sodium is most preferable as 
described above, 

[0103] The above-mentioned redox reaction generally is 
induced in a buffer under the conditions decided as appro- 
priate depending on the concentration of the hydrogen 
peroxide generated and ihc like. Generally, the redox reac- 
tion is induced under the following conditions: the POD 
concentration in the reaction solution in the range from 10 
10 20,000 JU/U the concentration of the cotor-devctoping 
substrate in the range from 0.0001 to l mmol/l, the reaction 
temperature in the raogo from 20° C. to 37* C, the reaction 
time fn the range from 1 to 5 minutes, and the pH id the 
range from 6 to 9. Further, the buffer is not specifically 
limited, and the samo buffers as used in tbc protease treat- 
ment, the FAOD treatment, etc. also c*n bo used. 

[0104] After Use color^developing substrate has developed 
color as a result of the redox reaction, the degree of color 
development (i.e., Oie absorbance) of tho reaction solution is 
measured with a .spectrophotomcrer. From the thus-mea- 
sured absorbance and the calibration curve, tho amount of 
the glycated Hb can be known directly, or indirectly using 
the amount of tho hydrogen peroxide. 

[0.1O5] The wavelength for measuring the absorbance is 
cot specifically limited and can be deddod as appropriate 
depending on tbc type of the eolor-devctopmg substrate. 
However, it is preferable That the absorbance of the color- 
developing substance is measured at a wavelength in the 
range from 650 to 900 dm, more preferably from 650 to *D0 
□m, and most preferably from 650 to 700 nm. Further, in the 
case where tho dual-wavelength measurement is carried out 
using iho wavelength in the above-mcntiuoed range as the 
mafn -wavelongth, the sub-wavelength preferably is in the 
range from 730 to 900 am, more preferably from 800 to 900 
om, and most preferably from 800 to 850 dm. Generally, the 
sub-wavclcngtb in set to be greater than the main wave- 



PAGE 1 9/24 " RCVD AT K5J2007 4:47:29 PM [Eastern Daylight Timel * SVR:USPT0€FXRF-5/18 * DNIS:2738300 « CSID:612-455-3801 " DURATION (mm-ss):09-24 



06/05/2007 15:43 612-455-3801 



HSML, P.C. 



PAGE 20/24 



US2OO3/0186449A1 Oct. 2, 2003 



length. More specifically, it preferable thai the sub- 
wavelength is greater thou the main wavelength by at least 
3f> nm, more preferably by nt least 50 nm. 

(01 OA] More specifically, in the case where N-(carboxy rn* 
cwylaminocarbonyl)-4/l '-M$(dimethy in minojdipneny. 
lamine sodium is used as the Color-developing substrate, the 
color-developing substrate preferably is measured at a wave- 
length in the range from 650 to 760 nm, more preferably 
from 690 lo 760 nm. Further, when the duaJ-wavclcngtb 
measurement is carried out using the wavelength in the 
above-mentioned range as the main wavelength, ihc sub- 
wavolength preferably is in the range from 800 to 900 dm 
mom preferably from 800 lc 850 nm. 

[0107] In the method of determining a ratio of glycated Hb 
according to the present invention, it a preferable that the 
wavelength for measuring the denatured Hb and the wave- 
length lor measuring the eolor-devefoping substrate ure 
different from each other. Further, in the case where the 
absorbance of the color-developing substrate i» measured by 
ihc dual-wavelength measurement, it is preferable thai the 
main wavctcngth and sub-wavelength are in the ranges 
where the denatured Hb exhibits no absorption. Further, if an 
absorbance of the denatured Hb is measured at the wave- 
length for measuring the color-developing substrate before 
causing the color-developing rcnciion and an absorbance 
obtained after the color-developing reaction is corrected 
with this absorbance, the accuracy of determination can be 
further improved. 

[0108] On too other hand, the wavelength for measuring 
the denatured Hb and the wavelength for measuring the 
color<teveiopiog substrate m ay be the aomc. Di this case, the 
measured value obtained after the Hb is denatured with the 
tetrazolium compound is regarded as the absorbance of the 
denatured Hb, and the measured value obtained after the 
COlor-devcViping reaction is corrected with the absorbance 
of the denatured Hh. That is, the absorbance of the substrate 
tbot has developed color can he obtained by subtracting the 
ahsorbance of the denatured Hb from the absorbance 
obtained after the color-developing reaction. 

[0109] In the case where both the denatured Hb and the 
color-developing substrate are measured at the same wave- 
length as described ahovc, the wavelength preferably is in 
the range from 440 to 700 nm, more preferably from 500 to 
670 nm, and most preferably from 540 to 670 nm, for 
example. 

[0J 10] Thereafter, an amount of the glycated Hb is deter- 
mined using the thus-obtained absorbance and the calibra- 
tion curve prepared in advance. Then, from the amount of 
the glycated Hb and the above-mentioned amount of the Hb, 
the ratio of the glycated Hb is calculated. 

[0111] The calibration curve can be prepared as follows, 
for example: first, with respect to a standard sample con- 
taining a luiown amount of glycated Hb, an absorbance is 
measured after the color-developing reaction according to 
the method or determining a ratio of glycated Hb of the 
present invention; and the calibration curve is prepared 
based on the thu^oblaincd absoitnnco and the known 
amount Of the glycated Hb. 

[0112] It is lo be noted here that the amount of the 
hydrogen peroxide can be determined not only by the 



Above-mentioned enzymic method using the POD etc. but 
also by ao electrical method, for example. 
[0113J As described above, by denaturing the lib in the 
sample with the tctrazothirn compound and determining the 
amount of the denatured Hb, it becomes possible tD deter- 
mine the amount of Ihc Hb and the amount Of the glycated 
Hb in a scries of operations. Therefore, a ratio of glycated 
Hb can be determined quickly and simply. Moreover, 
because the tetrazoh'um compound is added lo the sample in 
advance, the effect of various reducing substances present in 
the sample on the redox reaction can be eliminated, thereby 
allowing the accuracy of determination to be further 
improved. 

[0114] In the case where Hb to be determined is human 
lib, the ratio of glycated lib is referred to as HhAlc %, for 
example. Thus, n method of determining 4 ratio of glycated 
Hb according to the present Invention is useful for deter- 
mining HbAlc %. 

[0115] Next, wfth regard In a method nf determining a 
ratio of glycated Hb according to the present invention, one 
example of the second method employing the whole blood 
as a sample will be described. 

[0116] The hemolysato sample is treated with a tetrazo- 
lium compound in the same manner as described above to 
denature the Hb contained therein. After the sample h 
treated with a protease, the sample is further treated with 
FAOD. Thereafter, the determination of the denatured Hb 
and the measurement of the degree of color development 
(i.e., the absorbance) with a spectrophotometer can be 
performed with respect to Ibis reaction solution. 
[0117] In this case, it is necessary thai the wavelength for 
measuring the denatured Hb and the wavelength for mea- 
suring the colOT-dcvcloping substrate arc different from each 
other because the determinations of the denatured Hb and 
the degree of color development arc carried out with respect 
tn the same reaction solution. For example, too wavelength 

(A) for measuring the denatured Hb is in the range from 440 
to 700 nm and the wavelength (B) for measuring tbo degree 
of color development is in the range from 500 in 800 nm; 
preferably, the wavelength (A) is in the range from 500 to 
670 nm and the wavelength (B) is ta fee range from 540 to 
670 nm; and more preferably, the wavelength (A) is in the 
range from 540 to 670 nm and the wavelength (B) is in the 
range from 540 to 670 nm. Further, ii is preferable that the 
distance between the wavelength (A) and the wavelength 

(B) is at least 30 nm, for example. 

[011,8] Further, when carrying out the dual-wavelength 
measurement, the main wavelength and the sub-wave length 
of the wavelengths (A) and (B) may be as follows, for 
example: preferably, (A) the main wavelength in Ihe range 
fiom 440 to 700 nm and the sob-wavelength in the range 
from 730 to 0Op nm, (B) the main Wavelength in the range 
from 500 to 800 nm and the sub-wavelength in the range 
from 800 to 900 nm; more preferably, (A) the main wave- 
length in the range from 500 to 670 nm and the sub- 
wavelength in the range from 730 to 900 nm, (B) the main 
wavelength in the range from 540 to 750 nm and the 
sub-wavelcngtb in the range from 800 to 900 nm; and most 
preferably, (A) the main wavelength in the rnnge from 540 
to 670 nm and the sub-wavelength in the range from 800 to 
850 nm, (B) the main wavelength in the range from 540 to 
750 nm and the sub-wavelength in tbe range from 800 to 850 
nm. 
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EXAMPLES 

[0119] Hereinafter, examples of the present invention will 
be described 



Example \ 

[Q120] In Example 1, a Hb concentration Whs determined 
by denaturing Hb in blood cells with o tclratolium com- 
pound and measuring an absorhancc of ihc ocnatured Hb, 
and the correlation between the Ibus-determincd Hb con- 
centration and the 1 lb concentration determined according in 
HiCN method as an international standard method was 
examined, The samples, reagents, and method used in the 
present example will be described fn the following. 
[mill (Preparation of Samples) 

[0122] Whole blood collected from healthy subjects and 
diabetic subjects was centrifiiged (2000 Q, 3 min), and blood 
cells and plasma Were separated and collected from the 
whole blood. Then, the blood cells and the plasma were 
mixed wjih each other at predetermined ratios (blood ccll- 
s:plasma-10:0, 0:1, 8:2, 7:3, (5:4, 5:5, and 4:6). After that, 
the mixtures were diluted 15-fold (by volume) with a 0.4 wl 
% aqueous solution of Triton X-100 (trade name, available 
from WakD Pure Chemical Industries, hereinafter the same) 
10 prepare 45 samples in total. 

[0123] (Standard Solutions) 

[0124] Hemocoo N (trade name, available from AZWELL 
Inc.) was dissolved in a 2,4 wl % aqueous solution of Triton 
X-100 (trade name) so as 10 give predetermined Hb con- 
centrations (0- 50, 100. 200, 300 g/L). The repliant solu- 
tions were used as standard solutions. 

[0125] (W5T-3 Solution: Hereinafter the Same) 

[0.12(5] 2^4-iodophenyI)-3-(2 # 4-dinilrophcnyl)-S-C2,4-d«. 
ulfophenyl>-2M-tctra35oUum monosodium salt (the trade 
name WST-3; available from Dojindo Laboratories, herein- 
after the same) represented by Formula (7) below was 
dissolved in purified water so as to give a concentration of 
1.66 mM to prepare a WST-3 solution. 



C7> 




[0127] (Butter) 

[0128] 0.1 mM CHES buffer (pH 9,0) 
[0129] (Determining Method) 

[0130] The above-mentioned respective samples were 
diluted 3-foJd with purified water, and lS^T.of tbc CHES 



buffer was mixed with 25 pL of the respective diluted 
solutions. Thereafter, 45 ;iL of the WST-3 solution was 
added to the respective mixtures. After me mixtures were 
incubated at 37° C for 5 minutes, the absorbauce of tbo 
mixtures was measured at the main wavelength of 596 nm 
and the sub-wavelength of 884 nm using a biochemical 
automatic analysis apparatus (tbc trade name JCA-BM S: 
available from Japan Electron Optics Laboratory Co. Ud„ 
hereinafter the same). The absorbancc thus measured hcro- 
ioflflor is referred w as "the absoTbance by the WST-3 
method". Further, as a control, the Hb concentration of the 
samples was determined according to the HiCN meihod 
using Hemoglobin Test WaJko (trade name, available from 
Wako Pure Chemical Industries, Ltd.). Tne Hb concentration 
thus determined hereinafter is referred to as "the Hb con- 
centration by the HiCN method". 

[0131] On the other hand, with respect in the above- 
mentioned standard solutions, the absorbancc by the WST-3 
method was determined, and a calibration curve showing the 
relationship between the absorbancc and the Hb concentra- 
tion was prepared. The calibration curve obtained is repre- 
sented by the following equation. 

7*50S.lx-*JfiQ2 

[0132] y; Hb concentration (g/L) 

[0133J x: absorbancc obtained by WST-3 method 

[0134] Then, the absorbancc by the WST-3 method of ihc 
samples were substituted into the calibration curve to deter- 
mine the Hb concentration of the samples. The rib concen- 
tration obtained using this calibration curve and the Hb 
concentrationK by the HiCN method of tbc samples are 
shown in the graph of fTG. 1. 

[0135] FTG« 1 is a graph showing the correlation between 
the Hb concentration (g/L) obtained using tho calibration 
curve and the Hb concentration by Ihc HiCN method. The 
correlation equation had a gradient of M 0.9733", The fact that 
the correlation equation had a gradient dose to "1" demon- 
srraies that tbc determining method according to Example X 
can determine a Hb concentration with accuracy comparable 
to that of the HiCN method as a control. Furthermore, from 
the fact that tho correlation coefficient was r-0.9978, it is 
understood thai the Hb concentration can be determined 
stably with high accuracy. 

Bxamplo 2 

[0136] in Example 2, the amount of Hb was determined by 
the method of determining Hb according to the present 
invention, and the correlation between the thus-determined 
amount of Hb and the amount of Hb determined by the SLS 
method as a control was examined. The .samples, rcagente, 
determining mclhod, etc. used in tbc present example will be 
described in the following. 



TAPS (Dojindo Laboratories) i4Q njwoVL 

gtydiwmidc (Kncnlnl Tkmjue, Inc.) go mmoi/L 

(Find fanflcm; p>T 5.5) 

£ES CDofiDdo UboratarfaO 5 aw»l/L 

2 mmol.'L 
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-continued 



SOdhira n^do (Nacnlai TfcaqiW, lac) 

OCJ, (Hncnlal TttKpjo, Tnc) 

KaCI (Ndcakf Tfeaqi»c» Inc.) 

mtttallDprodciQMo (trade name Tbyoieftm; Tbyobo 

Cft, Ud.) 

(SccOfid Reagent; pH 6.9^ 

FAQD (ARKRAT, INC) 

W>D CTbyobo Co.. Ltd.) 

JM-64 (Waka Pure d>em»cfl| larfuttriai. Ud r > 

Trw-KCl (NacnW Tesque, Inc.) 



0 05 g/L 
S nmxiDl/T. 



26 KU/L 
78 KU/I. 

2t>0 jhojoVL 



[0137] (Sampler) 

[0138] Whole blood collected from healthy subjects and 
diabetic subjects (71 subjects in total) wis ceolrifugcd (1000 
G, 10 min), and blood cells fractions were collected. To 10 
pL of the respective blood cell fractions was added 40 ^ of 
the bcmolysate reagent to prepare hemolysatc sarrwlee 
(hereinafter the same). 

[0139] (Determining Method) 

[0140] 10 /tL nf purified water was added to 10 pL of the 
above-mentioned respective hemoiysatc samples, and there- 
after, 65 //L of lhc first regent was further added. The 
resultant mixtures were incubated al 37° c, (the amount of 
the reaction solutions: 85 ^L). Then, 4,5 minutes after the 
start of lhc incubation, the absorbance oF tho reaction 
solutionis was measured at the predetermined wavelength 
(545 nro, 571 nm, 596 nm, S$8 Dm, fi94 nm, and 751 nm) 
Using the above-mentioned biochemical automatic analysis 
apparatus. The measured value obtained was hereinafter 
referred to as the "Brat nbsofbancc*. 

[0141] Then, 5 minutes aflex the start of the incubation, 45 
t*L of the second reaftent was added to Che respective 
reaction solutions. The resultant mixtures were incubated al 
?Ia C# f W 3 n,inurcs < iht am ^mt of the reaction solutions: 
130^L), Thco, ibe absorbancc of the reaction solutions was 
measured at the predetermined wavelength (54* nra, 571 
nm, and 59fi nm) using the above-mentioned biochemical 
automatic analysis apparatus. The measured value obtained 
was hereinafter referred to as the "second absorbancc**. 
[0142] On the olber hand, as a control, rib Was determined 
according to the above-mentioned SLS method. First, 4uL 
of purirl cd water was added to 4 //L of the same hemorysato 
samples as in Example 2. and thereafter, 100 of a SLS 
method reagent shown below was further added. The result, 
ant mixtures were incubated at 37* C. for 5 minutes. Then, 
5 minutes after the start of the incubation, the absorbance of 
the reaction solutions was measured at the wavelength of 
545 cm using the above-mentioned biochemical automatic 
analysis apparatus. 



(SLS McrtmJ Rcaflt.nl) 
SLS 

Trim X-100 

V<*nml\m phosphate buffer ( p a 7A) 



0.752 
1.0 L 



by the SLS method as a control with respect to all the 
samples (71 subjects) were plotted (not shown) to determine 
the correlation coefficient between the present example and 
the control. The results are shown in Table 1 bebw. 



TABLE 1 



mewwmon 
wavelength 


t cone to i ton coefficient to tit 
fcbno/faflee xneMQRinefiL 


correlation cncRJclent ia 2nd 
abflOflMiWn menmroitUat 


fltn 


0.993 


n.993 


5V. nn 


0.993 


D.993 


596 nm 


0,993 


0.PS9 


658 nm 


0.993 




694 nm 


0.993 




751 nm 


0.9]& 





[0143] The first and second absorbances obtained by the 
method of the present example and the absorbances obtained 



[0144] As described above, according Id the method of 
determining lib according to the present invention, it is 
possible lo cany out the determination showing a high 
correlation with the determination according to the SLS 
method. In addition, the absorbancc of lhc denatured Hb 
could be measured accurately not only when the measure- 
mcnt was carried out immediately after lhc Hb bad been 
denatured with the first reagent but also when the measure- 
ment was carried after Ibc color^dcvcloping reaction was 
induced by the second reagent. 

Example 3 

[0145] fn Example 3, HbAle % was determined by the 
method of *:tcfmi(ting a ratio of fllycatcd Hb according to 
the present invention, and the correlation between the 
HbAlc % thus determined and the HbA1c % delcrmincd 
according to a control method was examined. 

[0146] With respect to the above-mentioned hemolysatc 
samples (71 subjects in total), measurement of a first absor- 
bance (measurement wavelength: 571 nm) and measuremcnl 
of a second absorbancc (measurement wavelength: 751 nm) 
were carried ou t in the same manner as in Exa mole 2. On the 
other hand, using a standard solution with known amounts 
of Hb and HbAlc, a calibration curve (Hb calibration curve) 
showing the relation between the first absorbancc obtained 
by tho method of the present invention and tbo known 
amount of Hb, and a calibration curve (HbAlc calibration 
curve) showing the relationship between the second absor- 
bancc obtatnod by the method of the present invention and 
the known amount of HbAlc were prepared. 

(0147] Subsequently, tho first absorbancc was substituted 
into the Hb calibration curve to determine the amount of Hb 
in the samples, and the second absorbancc was substituted 
into the HbAJ c calibration curve to determine the amount of 
HbAlc in the samples. Then, HbAlc % was determined by 
substituting the amount of Hb and the amount of HbAlc into 
the following equation, 

HbAle %-fHbAle *moum/Hb amcmnifrlOD 

[0148] As a control, with respect to the same hemolysatc 
samples (71 subjects), the amount of Hb was determined by 
the SLS method, and HbAlc % was determined using 
RAPIDTAAuto HbAlc (trade name, available from SRL> 
Inc.). Then, the correlation cocfScieni between the amount 
of I lb obtained by the method of the present example and the 



PAGE 22124 ' RCVDAT 6/512007 4:47:29 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/18 1 DNIS:2738300 * CSID:61245M801 * DURATION (mm-ss):09-24 



06/05/2007 15:43 612-455-3801 



4 



HSML, P.C. 



PAGE 23/24 



US 2003/0186449 Al 0*2,300 

11 



amount of Hb obtained by the cootrol method, and the 
correlation coefficient between the HbAlc % obtained by 
tho method of the present example and the HbAlc % 
obtained by the control method were determined. 

[0149] As a rcsuh, the correlation coefficient with regard 
to the * mount of Hb Was 0.994, and the correlation coeffi- 
cient with regard to HbAlc % was 0.9841. These result* 
demonstrate that both tho method of determining Hb and the 
method of determining q ratio of glycated Hb according to 
the present invention can achieve a remarkably high accu- 
racy of determination. 

HxampZo 4 

[0150] [a Example 4, HbAlc % was determined by the 
method of determining a ratio of glycated Hb according to 
tho prcsccil invention, and the correlation between the 
HbAlc % thus determined and the HbAlc % determined 
according to a control method was examined. 

[0151] With respect to the above-mentioned hemolysate 
samples (71 subject* in total), measurement of a first absor- 
bancc and measurement of a second absurbauce (hereinafter, 
referred to as "absorbancc before correction'') were carried 
out i Q the some manner as in Example 2. The measurement 
of the first absorbancc was carried out ai the wavelengths of 
569 nm, 658 nm, 694 nm, and 751 nm. and the absorbancc 
obtained in this measurement was regarded as the absor- 
bance of denatured Hb. On the other band, the measurement 
of the second absorbancc was carried out at the wavelengths 
of 569 nm, 658 nm, H94 nm, and 751 nm. 

[0153] As described above, according to the results of 
Example 3, tbc correlation coefficient between the HbAlc * 
obtained when the second absorbancc was measured at the 
wavelength of 751 nm and the HbAlc % obtained by the 
control method wa* as high as 0.9841, Thus, il can be said 
that (be results of Example 3 demonstrate that the amount of 
HbAlc can be detcmrined with high accuracy when the 
absorbancc measurement was carried out at a wavelength of 
751 nm. Accordingly, using the second absofbancc mea- 
sured at the wavelength of 751 nm as a criterion for 
evaluating the accuracy for determination, the correlation 
coefficient between the second absorbancc measured at the 
wavelength or 751 nm and the second absorbancc measured 
at each wavelength was determined. 

[0153] Further, based on the following equation, tie sec- 
ond absorbancc was corrected using the first abgorbance 
obtained at the corresponding wavelength (the corrected 
absorbancc is hereinafter referred to as "absorbanoo after 
cnrrcctionO, Thc results are shown in Tabic 1 below. 

BbMifeiou after COfI«tion-*42-^l*8S/)30) 

[W54] Al: first absorbancn 
[0155] A2: second absorbancc 

TABLE 2 



TABLE 2-cooUcucd 



■vclcmgth nhaothancc bofDn » cntrectfoa rtbuurhnnct *ftcr correction 



menrairamont 




coe fTJdont 




nbMAnoco before COmrcUan 


abaorbance oftcr correction 


69A nm 


1.0 


J.O 
1.0 



S9e tun 

rt5S nm 



0.9474 
0.9998 



[0156] As can be seen from the results, the ahsorbances 
obtained at the respective wavelengths exhibited high cor- 
relations with the absorbancc obtained at 751 nm, and the 
correlation coefficients were improved further by making the 
correction. Further, the results of Example 2 revealed that 
the amount of Hb could he determined with high accuracy. 
Therefore, from the results of Example 2 and the present 
example, it is understood that the method of determining a 
ratio of glycated Hb according to the present invention can 
determine HbAlc % with high accuracy. Besides, the absor- 
bance of the denatured Hb and the absorbancc of the 
glycated lib maybe measured at the same wavelength if the 
correction is made in tbc above-mentioned manner. By 
measuring the nbsorbancc of both tho denetured Hb and tho 
glycated Hb at the same wavelength, the condition setting of 
the measuring apparatus cap be carried out easily, for 
example, and the determination of the ratio of glycated lib 
can be carried out simply and quickly. 

[0157] Industrial Applicability 

[0158} As specifically described above, according to a 
method of determining Hb of the present invention, Hb in 
the sample Can be determined easily and accurately without 
fear of damage to the environment. In addition, when 
determining a ratio of glycated Hb, even if the sample is 
treated with a tetrazolium compound according to the 
method of determining Hb, the Ictraaolium compound does 
not have any effect on the determination of the ratio of 
glycated Hb utilizing a redox reaction. Therefore, an amount 
of Hb and an amount of the glycated Hb can be determined 
in a scries of operations simply and with high accuracy. 
Therefore, by applying the method of determining a ratio of 
glycated hemoglobin of the present invention Utilizing a 
method of determming Hb of the present invention in tho 
field of clinical tests and the like, for example, the reliability 
and the importance of glycated Hb as an index for the 
diagnosis and the like of diabetes farther increases. 

1. A method of determining hemoglobin comprising; 

denaturing hemoglobin in a sample with a tctrazouum 
compound to give denatured hemoglobin; 

measuring an amount of an optical change in Ihc sample 
at an absorption wavelength specific to tbc denatured 
hemoglobin; and 

calculating an amount of the hemoglobin in Lbc sample 
from the amount of the optical change. 

2. The method according to claim 1, 

Wherein the amount of the optical change is an absorbancc 
or » reflectance. 

3. The method according to claim 1, 

wherein the amount or the optical change is measured at 
a wavelength in a range from 440 to 700 nm. 
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4. Tbc method according to claim 1, 

wherein ihc tcurazolium compound covins ring aul»titu- 
cms at least el two posihbus on its tctrssole ring. 

5. The method according tn claim 1„ 

wherein the tctrazolium compound contains benzene 
rings at a ^position and 3-poshion on its tetrsT^lc ring, 
and at least one of tbc benzene rings contorts at least 
one flinctional group selected from foe group consisting 
of a halogen group, a carboxy group, a nitro group, a 
hydroxy group, a sulfo group, a methoxy groups and an 
cthoxy group. 

6. The method according to claim I, 

wherein the leira/.olium enmpound is H4-iodopbcnyI)- 

3-(Z,4-dioitrOpbenyJ>5-C2,4-disurfopljonyl)-2H-teiTa- 
zolium salt. 

7. Tbc method according to claim 1, 

wherein the telrazolium compound is added to the sample 
so that a content of the telrazolium compound per 
microliter of the sample is in a range from 0.001 lo 100 

fl. The method according to claim 1, 

wherein the hemoglobin in the sample is treated with the 
tctrazolium compound in the presence of a surfactant. 

9. The method according to claim 8, 

wherein the surfactant js a polyoxycthylene ether. 

10. The method according to claim 8, 

wherein Ihc surfactant is added lo Ibc sample so that a 
content of the surfactant per mole of the tctrazolium 
compound is in a range from 0.01 tp 70 mol. 

U. The method according to claim I, 

wherein the sample contains red blood cells. 

12. A method of determining a ratio of glycated hemo- 
globin comprising: 

determining an amount of hemoglobin in a sample con- 
taining glycated hemoglobin by tbc method according 
to claim 1; 

causing a redox reaction between a glycation site of the 
denatured hemoglobin obtained and a ftuctosy] amino 
add oxidase; 

determining the redox reaction to determine an amount or 
the glycated hemoglobin; and 

calculating a ratio oE the glycated hemoglobin from the 
amount of the hemogjobirt and the amount of the 
glycalcd hemoglobin. 

13. The method according lo claim 12, 

Wherein tbc denatured hemoglobin is treated with a pro- 
tease before causing the redox reaction between the 
glycation site of the denatured hemoglobin and the 
fructosyl amino acid oxidase. 



14. Tbc method according to claim 12, 

wherein the redox reaction is caused between the glyca- 
hon site of tbc denatured hemoglobin and the fructosyl 
amino acid oxidase after the amount of the optical 
change in the sample is moastired at the absorption 
wavelength speciGc to the denatured hemoglobin. 

15. The method according to claim 14. 

wbercm tbe amount of the optica! change in the sample is 
measured at the absorption wavelength specific to the 
denatured hemoglobin, the denatured hemoglobin is 
then treated with a protease, and thereafter, the redox 
reaction is caused between a glycation site of 3 degra- 
dation product of the denatured hemoglobin and a 
fructosyl amino acid oxidase 

1*. The method according to claim 14, 

wherein ihc dcoaivred hemoglobin is treated with a pro- 
tease, the amount of the optica) change in the sample is 
then measured at the absorption wavelength speciGc to 
the denatured hemoglobin, and thereafter, a redox reac- 
tion is caused between a glycation site of a degradation 
product of the denatured hemoglobin and a fructosyl 
amino acid oxidase. 

17. The method according to daim 12, 

wherein, after tbc redox reaction is caused between the 
glycation site of the denatured hemoglobin aod tbe 
fructosyl amino add oxidase, the amount of ihc optical 
change in the sample is measured at tbc absorption 
wavelength specific to tbc denatured hemoglobin and 
tbo redox reaction is determined. 

IS. The method according lo claim 12, 

wherein delermiaing the redox reaction is measuriug an 
amount of an optical change in a color-developing 
substance produced by tbe redox reactioo. 

19. The method according to claim 18, 

wherein the amount of the optical change in the color 
developing substance corresponds to an amounl of 
hydrogen peroxide generated by the redox reaction 
between the glycation site of the denatured hemoglobin 
and the fructosyl amino add oxidase. 

20. The method according to claim 19, 

Wherein too color-dcvc loping substance is a substrate that 
develops color by oxidation and has developed color as 
a result of a reaction caused by an oxidase between tbe 
hydrogen peroxide and the substrate. 

21. The method according to claim t&, 

wherein a wavelength for measuring the color-developing 
substance is in a range from 650 to 900 nm. 

22. The method according to claim 18, 

wherein q wavelength tor measuring tbc color-developing 
substance is the same as that for measuring the amount 
of the hemoglobin. 
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